Background: Emergency departments (EDs) play a growing role in hospital admissions for older adults, yet nationally representative data on predictors of admission from the EDs are limited. Methods: We examined sociodemographic, clinical, and hospital characteristics associated with non-ICU admissions, using National Hospital Ambulatory Medical Care Survey data and multivariate Poisson regression models. Results: There were an estimated 175 million ED visits by adults older than 65 years from 2001 to 2010. Overall, 32.5% were admitted to non-ICU beds. In multivariate analysis, non-ICU admission was associated with increasing age (16% higher per 10-year increase in age), white versus black race (35% vs 31%), and EDs in the Northeast (40%) or Midwest (38%) versus South (31%) or West (30%). Conclusion: Non-ICU admission rates for older adults receiving care in U.S. EDs vary by age, race, and region. Understanding the reasons for these disparities in hospitalization rates may guide interventions to reduce hospitalizations in older adults.
Adults older than 65 years account for up to 20% of all emergency department (ED) visits and 36% of all hospitalizations despite representing only 13% of the U.S. population (1, 2) . By 2050, the population of adults aged 65 or older will more than double and their health care utilization, particularly ED visits and hospitalizations, will exceed the ability of the health care system to meet these needs (3) . Hospitalizations are associated with enormous costs (4, 5) and increased risk of declines in mobility, function, and cognition following discharge (6) (7) (8) .
Although studies have examined characteristics associated with frequent ED visits, hospitalization, and longer hospital stays (9, 10) , data on factors other than illness acuity that may influence the decision to hospitalize an older adult once he or she has presented to an ED are limited.
To address this gap in knowledge, we examined the hospitalization patterns and the predictors of hospitalization. The results of this study may direct further inquiry into factors that influence provider decision-making regarding hospitalization in older adults that are potentially ameliorable.
Methods

Study Design and Data Source
This was a cross-sectional analysis of 2001-2010 data from the National Hospital Ambulatory Medical Care Survey (NHAMCS) whose design and methodology have been previously described (11) (12) (13) . The study was approved by the University of Alabama at Birmingham Institutional Review Board. provider, time of visit, day of visit, triage acuity, triage vital signs, and ED diagnosis for the visit. We defined outcome as non-ICU admission versus discharge home and excluded all other dispositions (eg, ICU admission, emergent operative care, transfer, and death).
Statistical Analysis
We compared the proportion admitted across visit characteristics using Rao-Scott corrected chi-square tests of association for categorical variables (14) . We fit multivariate modified Poisson models to obtain adjusted prevalence risk ratios (15) , adjusting for known predictors of all adult ED admissions. Statistical analyses were performed using STATA version 12.1 (Stata Corp., College Station, TX).
Further methodological details on variable selection for the regression model, changes in the definition of NHAMCS variables over the study period, and analytic approaches to ensure validity of results are discussed in the Supplementary Material.
Results
From 2001 to 2010, 38% (95% confidence interval: 36% to 39%) of the 175 million U.S. ED visits by adults older than 65 years resulted in a hospital admission, with 5.5% admitted to the ICU and 32.5% to a non-ICU bed. Admission rates to non-ICU beds increased from age 65 to >100 years without leveling off at the upper age range (Figure 1 ). Univariate comparison of non-ICU admissions across key visit characteristics demonstrated variations in admissions by sociodemographic, institutional, and clinical characteristics (Table 1) .
In multivariate analysis (Table 2) , every 10-year increase in age was associated with a 16% higher risk of a hospital admission to a non-ICU bed (risk ratio 1.16, 95% confidence interval 1.14-1.19; p < .001), after adjusting for confounders. Although the admission risk did not vary by gender, blacks were less likely to be hospitalized. ED visits at Northeast, Midwest, urban, or nonprofit hospitals and visits with care involving resident physicians were more likely to result in admission.
Discussion
Adults aged 65 or older who sought care in U.S. EDs experienced a risk of non-ICU hospitalization that increased with increasing age, independent of triage acuity and other characteristics. We also observed disparities in admission risks across race and geographical regions. This study is the first to investigate factors that impact hospitalizations from the ED using multivariate analysis of national ED data. The restriction to non-ICU admissions makes our results particularly germane to the nationally prioritized issue of reducing potentially avoidable hospitalizations in older adults.
Our findings lend validity on a national scale to previous single-site or regional reports suggesting an influence of age on ED hospitalizations (16, 17) . A systematic review reported higher hospitalization rates in ≥65-year-old than younger patients, but did not analyze predictors of admission among older patients (2) . Unadjusted national ED admission trends for older adults (18) have been reported without multivariate analysis. Pines and colleagues previously reported increasing ED utilization and changing quality measures among older adults (13) . None of these previous studies excluded ICU or other nondiscretionary admissions, therefore limiting any inference regarding potentially avoidable hospitalizations. Our study addressed the issue of over-hospitalization among older adults by examining the characteristics and predictors of non-ICU admissions and provides useful information for understanding potentially avoidable hospitalizations. Older age may be a marker for documented or occult geriatric syndromes associated with adverse outcomes (19) that impact admission decisions (20) . Single-ED surveys estimated 30% of cognitive dysfunction (21) and 76% of delirium (22) were undetected by ED physicians; yet, fewer than 25% of ED physicians screen for geriatric syndrome (23) .
Our finding of fewer admissions for blacks demands further inquiry. Studies on hospitalization determinants among older blacks report conflicting findings (24) , and little is known regarding ED admission decisions. The lower admission rate in rural EDs may be explained by more lower-acuity ED visits in rural than in urban communities (25). The observed differences in admissions by region and hospital ownership may be influenced by state-or institution-specific practices associated with volume, financial constraints, and outpatient resources (26) , however these factors cannot be examined with these data.
Triage acuity was designed to predict ED resource utilization rather than measure clinical severity (27) , however its association with survival may influence admission decisions (28) . Although triage acuity increases with age (29) , it cannot explain the admission pattern because the association between age and hospitalization persisted at each level of triage acuity.
The dearth of ED data on geriatric syndromes (eg, functional impairment and mobility decline) and unmet psychosocial needs (eg, lacking family/social support and transportation difficulty) limits our ability to examine how these factors impact health care utilization. Our findings indicate the need for more definitive prospective studies to explore these unmeasured social and clinical variables that could explain modifiable admission rates.
The strengths of this study include the use of nationally representative data to provide descriptive epidemiological data on ED utilization and hospitalization. NHAMCS is the only publicly available national data source that records patient disposition and diagnostic information at the ED visit (12) . None of the publicly available ED databases routinely collect data on important geriatric measures such as function, mobility, or family/social support (12) . Yet, these are the same data sources that drive much of the national health care policy. These geriatric measures may be associated with age and confound our results. Another limitation is that NHAMCS does not have a measure of severity for clinical presentations, and triage acuity may be a suboptimal index of severity in older adults (30) . We cannot examine readmissions because NHAMCS does not link visits by individuals; this prevents tracking index admissions and subsequent readmissions. Readmissions are critical to current health care policy debates (31) and ED admission decisions (32) and must be a focus of future ED outcome studies.
The nascent subspecialty of geriatric emergency medicine aims to shift the current paradigm in emergency medicine from focusing solely on the chief complaint to adopting a more holistic approach that places equal emphasis on addressing unmet psychosocial needs while preserving function, mobility, and independence in the individual (33) . The consensus guidelines for geriatric emergency care (33) highlight the importance of incorporating geriatric screening processes into every ED visit to improve the identification of geriatric syndromes or other high risk conditions. Our findings underscore the importance of such initiatives and signal an opportunity for further investigation on the role of geriatric factors on ED admission decisions, as they may ultimately help reduce potentially avoidable hospitalizations in older adults and the enormous costs and poor care quality resulting from these hospitalizations. Note: CI = confidence interval; CHF = congestive heart failure; COPD = chronic obstructive pulmonary disease; MI = myocardial infarction.
Supplementary Material
Supplementary data are available at Note: CI = confidence interval; RR = risk ratio.
